A hybrid and hierarchical nanocomposite was successfully prepared by the growth of zeolitic imidazolate framework-8 (ZIF-8) on the template of ionic liquid (IL, [Bmim][BF 4 ]) functionalized reduced graphene oxide (IL-RGO). The structure and morphology of the IL-RGO/ZIF-8 nanocomposite were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared spectrometer (FTIR), and Raman spectroscopy. The results showed that RGO sheets were refrained from restacking by IL, and ZIF-8 nanoparticles grew well on the surface of IL-RGO. Owing to the synergistic effect from large surface area and excellent electrocatalytic activity of ZIF-8 and great electrical conductivity of IL-RGO, a highly sensitive sensor for dopamine (DA) can be obtained. IL-RGO/ZIF-8-modified electrode exhibits good electrocatalytic activity and electroconductive properties towards DA which were investigated by cyclic voltammetry (CV), differential pulse voltammetry (DPV), and electrochemical impedance spectroscopy (EIS). Compared with bare or IL-RGO-modified electrodes, the IL-RGO/ZIF-8-modified electrode effectively depressed the oxidation overpotential of DA. The linear response range of DA was from 1 0 × 10 −7 to 1 0 × 10 −4 mol/L with a low detection of limit 3 5 × 10 −8 mol/L. In addition, the sensor was shown to provide satisfactory stability for the determination of DA.
Introduction
As a message transmission medium between neurons and the brain, dopamine (DA) plays an important role as a neurotransmitter in mammalian central nervous systems [1, 2] . Several neurological illnesses could be related to an abnormal dopaminergic neuron process [3] . As a result, the clinical analysis needs an accurate, sensitive, and rapid determination of DA. Many methods, such as chemiluminescence [4] , liquid chromatography [5, 6] , capillary electrophoresis [7] , and fluorescence [8] , were proposed for detecting DA. Compared with them, the electrochemical method shows lower cost of instrument and operation, faster response, and higher accuracy [9] .
Zeolitic imidazolate frameworks (ZIF) have ordered porous structure, constructed from metal ions and organic ligands, and are characterized by micropore size, high porosity, and large surface areas. ZIF-8 is one of the most interesting materials in the ZIF family, which is considered as a promising substrate for constructing electrochemical sensors [10, 11] . Ma et al. prepared an electrochemical biosensor based on ZIF-8 [12] ; unfortunately, the conductivity of ZIF-8 is too poor and depresses the performance of the electrodes. Later, many researchers paid more attention to improve the conductivity of MOF-based composites with different conductive materials, such as metal nanoparticles [13, 14] , organic polymers [15] , and carbon [16, 17] . Based on excellent thermal, chemical, and mechanical stability, especially the exceptional electron transfer rate and superior electronic conductivity, graphene is widely used in sensing and biosensing [18] . Kinds of biomarker including glucose, hydrogen peroxide, dopamine, uric acid, ascorbic acid, and cancer markers have been detected based on graphene [19, 20] . The electrochemical determination performance was enhanced due to ultrafast electron transfer between the nanocomposite and electrode, which was caused by the introduction of graphene. Kim et al. constructed a graphene/ZIF-8 composite by growing ZIF-8 crystal on graphene [21] to create fast mass transfer and high conductivity. Yu et al. prepared a hierarchical and hybrid nanocomposite of RGO/ZIF-8 which possesses high sensitivity for the determination of DA [22] . However, due to the high specific surface area of graphene, it is easy to form irreversible agglomerates or even restack through van der Waals interaction and π-π stacking [23] . As a result, it needs to be added much RGO to obtain good performance for the composite. It is reported that ionic liquid (IL) could prevent aggregation due to its wide solubility and created surface charge [24] . In addition, IL has a large electrochemical window up to 4 V, making it suitable for detecting various redox enzymes as electrochemical sensors and biosensors [25] [26] [27] . Therefore, the efficient direct electron transfer could be facilitated with the combination of IL and graphene.
In this work, nanocomposite IL-RGO/ZIF-8 (ionic liquid functionalized reduced graphene oxide/zeolitic imidazolate framework-8) was prepared by the growth of ZIF-8 on a small quantity of IL-RGO template. Crystal structure and morphology of the composite were identified by XRD and SEM, respectively. The prepared composite was coated on a glass carbon electrode (GCE) to fabricate a sensor for detecting DA. The electrochemical performance for DA detection is enhanced owing to the synergistic effect of ZIF-8 with large surface area and order porous structure and IL-RGO with high electronic conductivity. 2 solution with vigorous stirring for 5 min. The mixture kept quietly maturing for 48 h. Then, the product was collected by centrifugal separation at 5000 rpm for 10 min and washed with DDW for three times repeatedly. Finally, the product was dried at 60°C for 48 h under vacuum.
Materials and Methods

Preparation of IL-RGO/ZIF-8-Modified Electrode.
Bare GCE was polished with 50 nm alumina slurry and rinsed ultrasonically in DDW for 1 min, then dried by N 2 . The IL-RGO/ZIF-8 was ultrasonically dispersed in DDW with the concentration of 1.0 mg mL
. Then, 10 μL of IL-RGO/ZIF-8 nanocomposite dispersion was dropped on the polished GCE surface and dried at room temperature to obtain the IL-RGO/ZIF-8-modified GCE (IL-RGO/ZIF-8/GCE). In addition, only ZIF-8-modified GCE (ZIF-8/GCE) and IL-RGO-modified GCE (IL-RGO/GCE) were prepared in the same way for comparison.
Results and Discussion
3.1. Characterization of IL-RGO/ZIF-8 Nanocomposite. The morphology of the nanocomposite was carried out by SEM. Smooth and flat sheets without wrinkles and noticeable pore in the rigid structure are observed in the image of IL-RGO as shown in Figure 1 (a). It suggests that the aggregation of the RGO is prevented by ionic liquid due to its wide solubility and created surface charge. Pristine ZIF-8 crystals can be seen in Figure 2 The XRD patterns of IL-RGO, ZIF-8, and IL-RGO/-ZIF-8 nanocomposites are shown in Figure 2 (a). The Bragg reflections of ZIF-8 are identified well with the previous report [30] [31] [32] [33] . It suggests that the pure ZIF-8 phase is successfully obtained. According to XRD patterns of the ZIF-8 and IL-RGO/ZIF-8 composites, the same Bragg reflections indicate that IL-RGO does not destroy the crystalline structure of ZIF-8. However, no characteristic peak of IL-RGO is presented in the patterns of the nanocomposites because of a low content of IL-RGO. On the other hand, the reflection (420) of ZIF-8 is the same angle (2theta~23.5°) to the peak (002) of IL-RGO, a reflection crossover could be presented.
Since the content of IL-RGO is very low, the growth of ZIF-8 nanocrystals that occurred on the IL-RGO surfaces cannot be found by SEM and XRD. In order to further study the interaction between IL-RGO and ZIF-8, FTIR and micro Raman spectroscopy were carried out. Raman spectra are shown in Figure 2 (b) for which IL-RGO has two feature peaks at 1354 and 1586 cm −1 associated with the G and D bands, respectively. The G band contributes to the vibration of graphitic (sp 2 carbon) lattice while the D band is related to the defects and disordered regions of the lattice caused by the oxidation reaction. Raman shifts of ZIF-8 at 686, 1144, 1183, 1459, and 1405 cm −1 are assigned to the vibrational modes of the Hmim ligand [34] [35] [36] . It is clear that the Raman shifts of both IL-RGO and ZIF-8 are presented in IL-RGO/ZIF-8 nanocomposites; furthermore, the intensity of feature peak 1586 cm −1 associated with the G band of RGO becomes stronger with the increase of IL-RGO in , and 421 cm −1 are related to the aromatic and the aliphatic C-H, C=N, and Zn-N, respectively [40, 41] . The FTIR spectrum of the nanocomposites displays the same features to XRD as the ZIF-8 spectrum overwhelmed the peaks of IL-RGO due to the low loading content of IL-RGO. However, the absorption peak at 1382 cm -1 of IL-RGO is enhanced with the increase of IL-RGO in the IL-RGO/ZIF-8 nanocomposites, which is in agreement with the Raman results.
Nitrogen adsorption-desorption isotherms of pure ZIF-8 and IL-RGO/ZIF-8 composites are shown in Figure 3 Figure 4 , IL-RGO(2)/ZIF-8 has the best detective performance with the strongest current peak. The microporous surface area could play an important role on improving the electrochemical capability. Although pure ZIF-8 has the largest surface area with 1067.5 m 2 /g, the electrochemical detection ability of pure ZIF-8 is worse than that of IL-RGO/ZIF-8 composites due to its poor electrical conductivity.
Electrochemical Response of DA for Different Electrodes.
The electrochemical behavior of DA at different electrodes was studied in the PBS (0.1 M, pH 7.0) using the CV method in order to evaluate the electrocatalytic activity of the IL-RGO/ZIF-8 nanocomposites as shown in Figure 4 . It can be seen that DA undergoes a good reversible oxidationreduction reaction at the bare GCE and IL-RGO/GCE. Anodic and cathodic peaks of bare GCE are stronger than 4 Journal of Nanomaterials those of IL-RGO/GCE, indicating a possible repulsive interaction between DA and IL-RGO. When ZIF-8 is introduced in electrodes, the electrochemical reaction of DA becomes highly irreversible; in addition, the overpotential is significantly decreased. It is very important that IL-RGO/ZIF-8/GCE shows the strongest current peak, which is associated with the synergistic effect from large surface areas of ZIF-8 and good electrical conductivity of IL-RGO. The content of IL-RGO in the composite influenced the electrochemical capability of modified electrode due to the repulsive effect of IL-RGO, and the 0.10 wt% was identified the best proportion of IL-RGO. This kind of composite was employed for the following determination of DA.
Impedance and Transport Behavior of IL-RGO/ZIF-8
Nanocomposites. Electrochemical impedance spectroscopy (EIS) is an effective tool for probing the interfacial behavior of modified electrodes; furthermore, it is also usually employed for understanding the chemical transformation associated with conductive supports [42] . Nyquist plot includes a semicircle at higher frequencies related to the electron transfer-limited process and a linear part at lower frequencies corresponding to the diffusionlimited processes. In this system, an addition semicircle can be found in the high frequency, as shown in the inset of Figure 5 (a). In order to present the impedance information in the whole probing frequency, the real part and imaginary part of impedance of IL-RGO(2)/ZIF-8/GCE are plotted in Figure 5(b) ; the corresponding equivalent circuit is shown in the inset of Figure 5 (b). The fitting curves (solid lines in Figure 5(b) ) based on the equivalent circuit match the measurement results well, indicating that the circuit is reasonable to describe the electrochemical process. For the equivalent circuit, R S is the bulk solution resistance of the electrolyte, C DL is the electrical double layer capacitor of the system, R L is the leakage resistance, C C is the interfacial contact capacitance, R CT is the ionic charge transfer resistance of DA on electrodes, and Z W is the Warburg impedance. According to the fitting results, R S and R L of all plots are the same about 17.5 Ω and 81.5 Ω, respectively, while the magnitude of C DL is about~10 -11 F slightly dependent on the modifiers on the electrodes. It suggests that the electrolyte and interface between solution and electrodes remain unchanged with different modifiers (IL-RGO, ZIF-8, and IL-RGO/ZIF-8). R CT plays a key role on the performance of electrodes. It exhibits the electron transfer kinetics of the redox probe at the electrode interface. IL-RGO(2)/ZIF-8/GCE shows a low electron transfer resistance about 141700, which is lower than that of bare GEC and ZIF-8/GEC and IL-RGO(1)/ZIF-8/GCE. The ). Inset: the linear calibration plots of peak current (I pa ) versus the concentration of DA. 6 Journal of Nanomaterials low resistance of IL-RGO(2)/ZIF-8/GCE is attributed to the synergistic effect of ZIF-8 and IL-RGO that enhanced the rate of electron transfer, which is agreement with the CV results. The dynamic and transport characteristic of IL-RGO(2)/ZIF-8/GCE was determined by CV curves with different scan rates on the oxidation of 0.1 mM DA. The oxidation and reduction peak currents of DA, as shown in Figure 6 , exhibit ideal linear relationship towards the scan rate (v) in the range from 10 to 600 mV·s ) (R 2 = 0 992). The anodic peak shifts towards more positive while the cathodic peak shifts towards more negative with the increase of scan rate, which indicates a reversible electron transfer for DA. The number of electron transfer (n) of the redox process of DA can be estimated [43] :
where I p is the peak current, F is the Faraday constant (96485 C ·mol −1 ), A is the electrode surface area (m 2 ), Γ is the surface concentration of the electroactive substance (mol m -2 ), v is the scanning rate (V s -1 ), R is the gas molar constant (8.314 J mol
, T is the absolute temperature (298 K in this process), and Q = nFAΓ is the peak area (calculated by the charges) (C). n is evaluated 1.95 from the relation between I p and v. Further, the value of Γ can be obtained as 8 6 × 10 −6 mol m −2 , which indicates that IL-RGO(2)/ZIF-8 provides a three-dimensional structure for the effective adsorption of DA. The increased concentration of DA on the electrode surface gives rise to the improvement of the sensitivity. As mentioned above, the redox reaction of DA includes two electrons and two protons process as suggested: . The comparison of the performance of IL-RGO/ZIF-8 nanocomposite with other materials for sensing DA is listed in Table 1 . It is clear that IL-RGO/ZIF-8 nanocomposite has a low detection limit and wide linear range. The excellent electrochemical analytical performance could be attributed to the synergistic effect of IL-RGO and ZIF-8. ZIF-8 has order pore structure and large surface area while IL-RGO has good electrical conductivity. Both electron transfer and mass transfer could be enhanced in the composite of IL-RGO and ZIF-8. Furthermore, the growth of ZIF-8 on IL-RGO prevents the aggregation of graphene, which promotes its electroanalysis performance [44] .
Reproducibility and Stability of the Electrochemical
Sensor. Six paralleled electrodes were prepared with the same condition for evaluating the reproducibility of IL-RGO(2)/ZIF-8/GCE by detecting current signal in PBS buffer with 1 0 × 10 −4 M DA. The relative standard deviation (RSD) of the electrodes is 2.4%. The stability of IL-RGO(2)/-ZIF-8/GCE was verified by intermittently testing current signal of 1 0 × 10 −4 M DA every three days with 5 cycles. After each testing, the electrodes were stored in a refrigerator at 4°C. The RSD for the testing is 4.7%. It indicates that good stability and reproducibility can be obtained for electrochemical detection by the prepared electrodes.
Conclusions
A novel nanocomposite IL-RGO/ZIF-8 was prepared by the in situ growth of ZIF-8 on a small quantity of IL-RGO template. Both electron transfer and mass transfer were enhanced due to the combination of the great electric conductivity for IL-RGO and the large surface area and order pore structure for ZIF-8. IL-RGO(2)/ZIF-8/GCE shows very good sensitivity for the determination of DA. In addition, the electrochemical sensor displays great reproducibility and stability. As a result, it is considered that the IL-RGO/ZIF-8 nanocomposite has excellent electrochemical performance and potential application as a novel electrochemical detection platform. 
